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1. Introduction 


Wang, X., Liu, H., Huang, L., Zhang, S., Deng, Z., Li, J. & Jin, L. 2012: Biodiver- 
sity of wild alfalfa pollinators and their temporal foraging characters in Hexi Cor- 
ridor, Northwest China. — Entomol. Fennica 23: 4-12. 


Seed production of alfalfa (Medicago sativa L.) is important in determining the 
effective distribution of new cultivars to farmers. However, little is known about 
the biodiversity and their community function of native wild pollinators of alfalfa 
in agronomic systems. We investigated the biodiversity of insects which visited 
alfalfa flowers and their temporal foraging characters in Hexi Corridor, China. A 
high biodiversity of insect visitors was discovered, 20 insect taxa in all, including 
13 species of Hymenoptera, 3 species of Coleoptera, 3 species of Lepidoptera and 
1 species of Diptera. Three native bee species, Andrena squamata, Anthophora 
melanognatha and Megachile abluta, were validated as the principal pollinators. 
They showed significant variations in tripping mode and their diurnal distribu- 
tion patterns. Our results indicated that the native wild bees are diverse and they 
complement each other. This means they have developed a more complex system 
for the pollination of alfalfa than has been previously found out. 
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1987), size (Conner & Rush 1996, Abraham 
2005), nectar production (Mitchell 1994) and dis- 


Pollinators are important in 35% of global crop 
production (Klein et al. 2007), and multiple 
pollinators vary in visitation rates, pollen removal 
and deposition, spatial and temporal distribution 
for their visitation behaviors (Sahli & Jeffrey 
2007). Diverse pollinator assemblages may im- 
pose complex selection and thus limit specializa- 
tion to particular pollinators (Thompson 2001). 
The rates of pollinator visitations may vary with 
different floral features, e.g. flower color (Staton 


play morph (de Jong & Klinkhamer 1994, 
Thompson 2001) etc. Insect visitation may also 
be sconsiderably influenced by the spatial and 
temporal arrangement of floral traits (Campbell et 
al. 1997, Mitchell et al. 2004), and this interac- 
tion is likely to be particularly important since 
different pollinators often show marked spatial- 
temporal variation in abundance (Herrera 1988) 
and pollination effectiveness (Wilson & Thom- 
son 1991). 
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Information on how the different insect types 
visiting one single plant species differ in their re- 
sponse to plant reproductive traits is nevertheless 
important in order to quantify the diversity and 
ecological community structure between a plant 
and its generalist pollinator fauna (Thompson 
2001). However, little is known about variation in 
pollination services to a single plant species 
(Price et al. 2004). Most of the pollination bio- 
logy over the past few decades focused on a sin- 
gle plant or pollinator species, whereas a focus at 
the level of the entire pollinator community was 
uncommon. 

Alfalfa (Medicago sativa L.) is one of the 
most important perennial legume crops and a su- 
perior source of forage due to its high nutritional 
quality and herbage yield (Li & Brummer 2009, 
Keivani et al. 2010, Wang et al. 2011). As a typi- 
cal leguminous flower, alfalfa depends on a pro- 
cess known as “tripping” for its pollination (Vi- 
ands et al. 1988). Because of the unique relation- 
ship between its flower structure and its pollina- 
tion requirements, most studies have focused on 
the relative merits of honey bees (Nabhan & 
Buchmann 1997), leafcutter bees (Bosch & 
Kemp 2005) and alkali bees (Alan & Wooten 
1987) etc. Pollination systems involving solitary 
bees and flowers are of particular interest, be- 
cause it is possible to correlate bee foraging be- 
havior directly with reproductive output of both 
the plant (through seed set) and the bee (through 
the pollen and nectar in a provision mass). A sim- 
ple pollination model for understanding the re- 
productive output of alfalfa and its solitary bee 
pollinator, the leafcutter bee (Megachile rotun- 
data), was studied looking at seed yield (Strickler 
1996). The composition of alfalfa pollen loads for 
leafcutter bees (O’Neill et al. 2004), population 
dynamics and foraging behavior of M. rotundata, 
as well as alfalfa bloom and pollination rates in 
two fields in Eastern Oregon (Bosch & Kemp 
2005), have also been studied. 

Because of the relatively few information that 
exists on the status of pollinators or pollination 
function (Kremen et al. 2007), concerns about the 
loss of pollinators and the services they provide 
have grown over the last decades (Kearns et al. 
1998). Only few studies have examined the biodi- 


versity and relationships of different native wild 
insect types on alfalfa in an agronomic system. 
The exception is Cane (2002), who selected five 
commercial bee species to study their floral trip- 
ping frequencies. In particular, little is known 
about the variation of wild insects and their inter- 
specific relationship with ecological factors in 
adverse environments. 

The aim of this research was to evaluate the 
biodiversity of the pollinating insects in an alfalfa 
agronomic system, the pollinator’s functions and 
their ecological niche at the community level in 
an arid region. For this purpose, we chose Hexi 
Corridor, an arid area of Northwest China, as our 
study site. Hexi Corridor is a narrow terrestrial 
ecosystem between the Badain Jaran Desert and 
the Tibetan Plateau. It is famous for having plenty 
of sunshine, little precipitation and other suitable 
conditions for alfalfa seed production. However, 
to date there have been few reports on the pollina- 
tion biology of alfalfa in this region (Wang et al. 
2009). We conducted two field studies. The ob- 
jective of the first study was to investigate the bio- 
diversity of visiting insects to alfalfa flowers. The 
objective of the second study was to discover the 
foraging behaviors of different principal polli- 
nators and their relationship at community level. 


2. Material and methods 
2.1. Study site 


This study was carried out in Lanzhou University 
Ecological Research Area (Linze experiment sta- 
tion, 39°21’N, 100°07’E, altitude 1,367 m) in the 
middle of Hexi Corridor, Northwest China from 
May to June in 2005, 2006 and 2007. This area is 
characterized by an arid climate and scarce rain- 
fall. The annual precipitation is 117 mm, with the 
evaporation at 2,390 mm per year. It is dry and hot 
in summer but cold in winter. On average, there 
are 2,869-3,282 hours of sunshine annually and 
the average temperature in this region is 7°C. In 
this site, length of the growing season in the re- 
gion is 145 days. The local agriculture system 
mostly depends on the underground water tillage 
system. 
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Table 1. List of visiting insect species of alfalfa from 8:00 a.m. to 6:00 p.m. during the flowering peak in Hexi Cor- 


ridor, Northwest China from 2005 to 2007. 














Order Insect species No. of insects visiting per day 
2005 2006 2007 
Hymenoptera Andrena squamata 1,944 1,960 1,912 
Anthophora melanognatha 3,280 3,272 3,320 
Megachile abluta 158 152 160 
Megachile spissula 165 184 176 
Xylocopa valga 0 38 42 
Proxylocopa nitidiventris 35 42 38 
Proxylocopa xinjiangensis 0 65 0 
Eucera pekingensis 0 80 0 
Apis sinensis 32 0 0 
Anthidium florentinum 51 40 56 
Bombus agrorum 0 0 28 
Polistes olivaceus 0 0 24 
Ammophila infesta 0 49 56 
Lepidoptera Artogeia (Pieris) rapae 18 22 16 
Zizeeria spp. 24 35 32 
Heliothis dipsace 10 15 14 
Coleoptera Mylabris calida 18 16 10 
Lytta caraganae 0 0 12 
Coccinella septempunctata 14 18 20 
Diptera Epistrophe balteata 17 0 18 
2.2. Plant material 2.4. Study two 


One cultivated alfalfa population was selected 
and the seeds were sown in April, 2003. The 
study was performed in an alfalfa field (970 m^ 
from 2005-2007. The flowering time of alfalfa is 
from the middle of May to late July and pods be- 
come ripe in the autumn (Wang et al. 2009). Each 
stem of alfalfa terminates in a raceme or cluster of 
10 to 30 purple florets. 


2.3. Study one: Biodiversity of visiting insects 


The insects visiting alfalfa flowers were recorded 
from 8:00 a.m. to 8:00 p.m. for four consecutive 
days per year during the flowering peak from 15" 
June to 18" June in 2005, 2006 and 2007. Thirty- 
minute intervals of the census period were uti- 
lized for capturing specimens of the insect visi- 
tors using a hand held net. All insects were cap- 
tured with a sweep net and taken back to lab for 
identification according to the identification 
manuals (Wu 1990, Tan et al. 2005, Yang 2005, 
Wu 2006, Huang & Cheng 2007). 


2.4.1. Pollinator s tripping mode 


Based on the results of the study one, the principal 
pollinators were selected and investigated to dis- 
cover how these insects tripped alfalfa flowers. 
Thirty pollinators per bee species were recorded, 
each representing a replicate. The different me- 
thods of “tripping flower” were compared among 
the different insects. 


2.4.2. Numbers of flower visited per bee 


The numbers of alfalfa flower that one pollinator 
visited in one-minute period were recorded. 
Thirty pollinators per bee species were recorded, 
each representing a replicate. The counts were re- 
corded per each hour separately from 6:00 a.m. to 
8:00 p.m. over four consecutive days from 19" 
June to 22" June in 2007. 


2.4.3. Time of the pollinator landing on a flower 


The landing time of the pollinators were recorded 
as a bee landed on a flower. Thirty pollinators per 
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bee species were recorded, each representing a 
replicate. The observations were performed ev- 
ery two hours over four consecutive days from 
19" June to 22" June in 2007. 


2.5. Statistical analysis 


All the data sets were checked for normality be- 
fore statistical analysis, and none were found to 
be significantly different from a normal distribu- 
tion. Thus, no data transformation was per- 
formed. One-way ANOVA was used to test the 
numbers of alfalfa flower visited per bee and du- 
rations of the pollinators landing on an alfalfa 
flower of the three principal pollinators. Two- 
way ANOVAs were used to test the effects of the 
principal pollinators and diurnal effects on the 
numbers of alfalfa flowers visited per bee. Simi- 
larly, the numbers of the principal bees per day 
and the durations of the pollinator landing on an 
alfalfa flower were also analyzed with Two-way 
ANOVAs. 


3. Results 
3.1. Study one: Biodiversity of visiting insects 


More than 8,620 insect visitors were recorded for 
the observations in 2005, 2006 and 2007. Twenty 
insect taxa, including 13 species of Hymenoptera, 
3 species of Coleoptera, 3 species of Lepidoptera 
and 1 species of Diptera, were observed to visit 
alfalfa flowers (Table 1). Lepidoptera, Coleop- 
tera and Diptera observed in this study were not 
considered as major pollinators because of their 
small numbers, erratic visiting frequency, low 
abundance and no “tripping” process observed 
for alfalfa flowers. Thus, only the 13 species of 
Hymenoptera were considered as the effective 
pollinators. 

According to the results, wild bees (as op- 
posed to commercial bees) accounted for 85% of 
these visitors (data not shown) and were identi- 
fied as belonging to 7 different Hymenoptera spe- 
cies (Fig. 1). Among the seven bee species, 
Andrena squamata (Andrenidae) and Antho- 
phora melanognatha (Apidae) were the two most 
abundant visitors (Fig. 1). Moreover, the numbers 
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Fig. 1. Means + SD of visiting frequency of dominant 
bee pollinators on alfalfa in Hexi Corridor, Northwest 
China. Different letters above the bars indicate a sig- 
nificant difference at P = 0.05. 


of Megachile abluta (Megachilidae) were signifi- 
cantly lower when compared to the two dominant 
bee species above (Fig. 1). However, according to 
our investigation, M. abluta was good at tripping 
alfalfa flowers and with a higher efficiency of 
pollination (unpublished data), so all of these 3 
bee species were collectively referred to as the 
“principal pollinators”. 


3.2. Study two 
3.2.1. Pollinator s tripping mode 


There were significant differences in the diurnal 
visitation among the three principal bee species to 
alfalfa flowers (Table 2). This indicated that dif- 
ferent bee species may use different tripping 
modes according to their different body charac- 
ters, foraging time, collecting feedback (such as 
honey or pollen), etc. These bees have various 
pollination modes and these are recorded below. 

Andrena squamata is medium-sized with the 
body length of 10-13 mm. It belongs to short- 
tongued bee species. After landing on alfalfa 
flowers, A. squamata pushes the standard petal of 
alfalfa forward with its head and exerts pressure 
upon the keel petal and the wing petal with its 
legs, causing the sexual column to separate. Upon 
release, the column strikes the standard petal, 
sometimes striking the underside of the head of 
the bee first. The column is then released when 
the bee inserts its proboscis into the flower throat 
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Table 2. Two-way ANOVAs for testing the effects of bee species and diurnal subsection (see Fig. 2) on numbers 
of visiting bees on alfalfa per day, numbers of flowers visited by bees and the landing times of bees on a flower. 








Source of variation df MS F P 
No. of visiting bees per day 

Bee species (B) 2 19117.2 293.9 <0.001 
Diurnal subsection (D) 9 852.1 13.1 <0.001 
BxD 18 459.5 7.1 <0.001 
Error 120 65.1 

No. of flowers visited by bees 

Bee species (B) 2 4554.3 912.4 <0.001 
Diurnal subsection (D) 9 398.4 79.8 <0.001 
BxD 18 270.2 54.2 <0.001 
Error 570 5.0 

Landing times of bees on a flower 

Bee species (B) 2 290.2 143.4 <0.001 
Diurnal subsection (D) 4 7.9 3.9 0.004 
BxD 8 7.6 3.8 <0.001 
Error 285 2.0 





to search for nectar or pollen and exerts pressure 
on the keel petal to lead it separating. After the 
flower is tripped, the pollen is dusted upon the 
bee. With pollen on their body hairs, the bees 
move the pollen to special areas on their hind legs 
called pollen baskets. Then A. squamata carries 
the pollen to another alfalfa flower. In our study, 
A. squamata was the earliest pollinator every day 
under diurnal observation. We found that 8:30- 
10:00 a.m. was the peak foraging time of this 
pollinator, followed by 5:00 —7:00 p.m. 

Megachile abluta was one of the most impor- 
tant pollinator of alfalfa and it could easily be dis- 
tinguished from other bees by the presence of a 
dense, metasomal scopa (present in all females), a 
broad, rectangular labrum, and two submarginal 
cells in the forewing. Megachile abluta is a long- 
tongued bee species with the body length of 13— 
17 mm, and has a different foraging behavior 
compared to the other two main bee species of 
this study. The upper inflorescences were tripped 
by its head and the pollen and nectar were se- 
lected first. To the lower inflorescences, M. 
abluta exerted pressure with its body on the keel 
petal and wing petal, causing them to separate. In 
our study, the time of appearance for this bee spe- 
cies was from 11:00 a.m. to 2:00 p.m. This was 
the period of the highest daily temperature and 
had the most flowers “tripped”. Perhaps high 
temperature allows the flowers to be tripped more 
easily. 


Anthophora melanognatha is relatively 
small, 8-11 mm long, and belongs to long- 
tongued bee species too. It often sucked nectar 
from the basal part of flower by pushing its head 
into the side of the flower for a long time with a 
headstand pose. For this bee species, no “trip- 
ping” happened before 10:00 a.m. But as the tem- 
perature rose, the tripping process was observed 
and the foraging behavior was similar to A. squa- 
mata. According to our observations, the forag- 
ing activity of this bee species was mainly from 
10:30 to 12:30 a.m. and from 4:30 to 6:30 p.m. 


3.2.2. Numbers of inflorescences visited per bee 


There were significant differences in the numbers 
of visited flowers per bee among A. squamata, M. 
abluta and A. melanognatha (Table 2). Among 
the three principal pollinators, M. abluta had the 
highest numbers of visiting bees to alfalfa flowers 
in daytime (Fig. 2), indicating that M. abluta was 
one of the most important pollinator of alfalfa in 
the Hexi Corridor with a high “tripping” effi- 
ciency. There was no M. abluta at 8:30 a.m., so 
M. abluta may be adapted to high temperatures. 


3.2.3. Time of pollinator landing on a flower 
There were significant differences between the 


landing times of pollinators on flower among the 
three principal bee species (Table 2). It was the 
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shortest for M. abluta and the longest for A. mela- 
nognatha (Fig. 3). The results suggested that per- 
haps less time spent by a pollinator landing on 
flower led to a higher frequency of visits to alfalfa 
flowers. 


4. Discussion 


4.1. Diversity and abundance of pollinators 
of M. sativa in the arid region 


Floral visitors are seldom equivalent as polli- 
nators and can differ markedly in their abilities to 
transfer pollen to host plant stigmas (Cane & 
Schiffhauer 2003) and in their frequencies of host 
visitation. In this case, we discovered that the pol- 
lination of alfalfa, which is required for seed pro- 


10:30-12:30 


12:30-14:30 
Hour 


14:30-16:30 16:30-18:30 


duction, mainly depends on the services of bees, 
which accounted for 85% of the total visitors 
(Fig. 1). It is not surprising that at a global scale, 
bees are most diverse in arid and semi-arid re- 
gions, such as the Mediterranean basin, Central 
Asia, the southwestern deserts of North America, 
arid regions of Chile and Argentina, temperate 
parts of Australia, and southern Africa (Michener 
1979). Although it is clear that all these wild bee 
species live in natural and semi-natural habitats, 
most of them are unknown and have not been sys- 
tematically studied. Some wild bee species of this 
study have not been recorded as alfalfa polli- 
nators before, such as Ammophila infesta, Polis- 
tes olivaceus and Bombus agrorum (Table 1), 
meaning that there may be more complexity in 
this insect guild than we formerly regarded. It has 
been reported that a greater diversity of wild bee 
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species including native Megachile species also 
pollinated alfalfa well in North American 
(O’Neill et al. 2004, Bosch & Kemp 2005). And 
this greater diversity may mean that some of these 
insects may not be dominant pollinators, but may 
provide other benefits to alfalfa, such as increased 
plant growth, enhanced plant fitness and higher 
promotion of plant-herbivore mutualisms (Bel- 
sky 1986). The functions of these insects for al- 
falfa pollination should be further studied, espe- 
cially estimating the role of different species in 
the pollinator guild. 

Extensive losses in pollinator guilds and com- 
munities can disrupt ecosystem integrity, and 
nowadays most farmers rely on honey bees in 
most of the fruit and seed production (Klein et al. 
2003, Losey & Vaughan 2006), and this is also 
true for alfalfa (Kevan & Phillips 2001). It has 
been demonstrated that only few remaining gen- 
eralist pollinators will ensure pollination services 
in the future (Ghazoul 2005). However, even 
crops with generalized pollination systems have 
been shown to profit from high pollinator diver- 
sity (Klein et a/. 2003), and specialized crops can 
be expected to rely more on diverse pollinator as- 
semblages. Although both the abundance and di- 
versity of wild bee communities are associated 
with increased crop pollination, wild bee diver- 
sity predicts crop production better than wild bee 
abundance (Kremen et al. 2004). Our results 
showed that there was high diversity of wild bee 
species in the Hexi corridor, and hence, may 
benefit alfalfa through improved reproductive 
success. On the basis of these results, we suggest 
that further study should be carried out and in 
more detail on wild bee species and their life-cy- 
cles, distribution and population trends, espe- 
cially on their potential as pollinators. It should 
also be studied to which extent different diversi- 
ties and amounts of wild bees result to increased 
seed production of alfalfa in the Hexi corridor. 


4.2. Temporal inter-specific relationship 


The dominant wild bee species visiting alfalfa 
showed significant difference in diurnal distribu- 
tion patterns. In this study, A. squamata and A. 
melanognatha visited alfalfa in early morning 
and late afternoon, but M. abluta visited at noon 
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between 11:00-14:00. The reason for this pattern 
is not immediately clear, although it is likely that 
the diurnal temperature, light and humidity were 
responsible for the change in foraging activity 
(Wang et al. 2009). The ethology of the polli- 
nators was found to be influenced by the prevail- 
ing weather conditions during pollination (Marti- 
niello et al. 2003). Food collection requires an 
enormous expenditure of energy, and flight activ- 
ity accounts for by far the greatest share of energy 
consumption (Louis et al. 2005). The reason the 
flowers open early in the morning and are visited 
mainly by large insects may be because foraging 
at low temperature is expensive energetically. 
Large insects may have a stronger ability to adapt 
in these conditions. However, our findings sug- 
gest that diurnal foraging patterns of different 
bees visiting the host plant (M. sativa in this case) 
might be influenced by both the internal factors of 
bees and the environmental factors (Rocha et al. 
2006). Perhaps higher temperature leads to trip- 
ping of flowers more easily, so the principal 
pollinator M. abluta with a larger body size may 
become active when temperature rises and hu- 
midity reduces at noon. 

In our study, there were also significant differ- 
ences in the numbers of inflorescences visited per 
bee among the three principal bee species (Table 
2). Megachile abluta visited more alfalfa flowers 
than A. squamata and A. melanognatha (Fig. 2), 
mainly because its landing times on an inflores- 
cence were shorter than in the two other bee spe- 
cies (Fig. 3). Because of the smaller body size, A. 
squamata and A. melanognatha visiting flowers 
in early morning and late afternoon may relate to 
high humidity conditions in which it is easy for 
pollen to adhere and be transported (Bakker 
1989). Thus, our results suggested that M. abluta 
maybe the dominant species for tripping and A. 
squamata and A. melanognatha for pollen trans- 
fer. It is also possible that the different pollinators 
may dominate various ecological niches by visit- 
ing flowers at a different time each day, and thus 
could reduce the inter-specific competition 
among different insects. On the basis of this opin- 
ion, the behaviors of the three dominant bees 
could be a benefit for themselves, and the biodi- 
versity, sustainability and stability of the insect 
community (Potts et al. 2006). It may also be that 
plant species could use resource partitioning (pol- 
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len and nectar) and character displacement to reg- 
ulate the behavior of insects, such as visiting time 
and visiting frequency etc. By these means, al- 
falfa can escape intra-specific competition by uti- 
lizing different pollinator species, and also could 
reduce inter-specific competition among polli- 
nators (Wang et al. 2009). The diurnal distribu- 
tion between the main pollinators in our study 
may be effective in reducing the competition on 
the alfalfa flower resources between the polli- 
nators, which concurs with previous works. 
These state that the species composition of a bee 
community may affect pollination outcomes, be- 
cause behavioral interactions among species may 
alter the pollination efficiency of some plants 
(Thomson & Thomson 1992). 

Many papers which have focused on pollina- 
tion systems involving different native bees and 
flowers are of particular interest, because it is 
possible to correlate bee foraging behavior di- 
rectly with reproductive output of both the plant 
(through seed set) and the bee (through the pollen 
and nectar in a provision mass) (Strickler 1996). 
Our results provide evidence for high diversity in 
wild bee species in adverse habitats and showed 
that inter-specific relationships between those in- 
sects are complementary for each other. How- 
ever, more comparative studies will be needed to 
explore how the three main pollinators, M. 
abluta, A. squamata and A. melanognatha, com- 
plement each other and finally contribute to al- 
falfa seed production. To understand to what ex- 
tent different flower-visitors contribute to polli- 
nation, future studies should be aimed at assess- 
ing the foraging efficiencies of these insects and 
their inter-specific differences in relationship be- 
tween ecological factors and floral display in ad- 
verse environments. Long term studies taking 
evolution into account would be useful. For al- 
falfa seed production, it should be paid more at- 
tention to the diversity of the native wild bees and 
their complementary relationship to develop a 
complex pollination system instead of a single 
bee species. 
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